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The Initial Upper Paleolithic (IUP) is a crucial lithic assemblage type
in the archaeology of southwest Asia because it marks a dramatic
shift in hominin populations accompanied by technological changes
in material culture. This phase is conventionally divided into two
chronocultural phases based on the Boker Tachtit site, central
Negev, Israel. While lithic technologies at Boker Tachtit are well
defined, showing continuity from one phase to another, the absolute
chronology is poorly resolved because the radiocarbon method used
had a large uncertainty. Nevertheless, Boker Tachtit is considered to
be the origin of the succeeding Early Upper Paleolithic Ahmarian
tradition that dates in the Negev to ∼42,000 y ago (42 ka). Here, we
provide 14C and optically stimulated luminescence dates obtained
from a recent excavation of Boker Tachtit. The new dates show that
the early phase at Boker Tachtit, the Emirian, dates to 50 through 49
ka, while the late phase dates to 47.3 ka and ends by 44.3 ka. These
results show that the IUP started in the Levant during the final
stages of the Late Middle Paleolithic some 50,000 y ago. The later
IUP phase in the Negev chronologically overlaps with the Early Up-
per Paleolithic Ahmarian of the Mediterranean woodland region
between 47 and 44 ka. We conclude that Boker Tachtit is the earliest
manifestation of the IUP in Eurasia. The study shows that distin-
guishing the chronology of the IUP from the Late Middle Paleolithic,
as well as from the Early Upper Paleolithic, is much more complex
than previously thought.
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The spread of modern humans from Africa into Eurasia is
certainly one of the most important events in human history

(1–3). The appearance of Homo sapiens at the transition between
the Middle Paleolithic (MP) and the Upper Paleolithic (UP)
periods corresponds with the demise of Neanderthals in Europe
and west Asia (4). This demographic process, known in the literature
as the “Recent African Origin” (5), has undergone refinements since
it was first introduced (6). Today, this dispersal event is thought to
be a multifaceted process that involved several events and genetic
admixture between H. sapiens and Neanderthals (7–12).
Recognizing demographic changes in the archaeological record

is not always straightforward, mainly because of a lack of human
fossils. Still, transformations in material culture are often con-
ceived as a reliable indicator for demographic change (13, 14). In
the Levant, as in Europe, such changes occurred during the tran-
sition from the MP to the UP, namely, the replacement of Levallois
technology by blade technologies and the introduction of system-
atically produced tools on bone and antler (15–18). The nature and
timing of the MP to UP transition has been investigated for almost
a century (18–24). While the characteristics of the material culture

changes are more or less defined, the absolute chronology and the
origins of the transitional industries are under debate (25–30).
One of the major reasons for this uncertainty is the fact that many

of the key sites with supposedly “transitional” lithic industries in the
south Levant, such as Emireh and el-Wad caves, were excavated
in the beginning of the 20th century and their stratigraphies are
challenging (24). An important exception is the site of Boker
Tachtit in the Negev Highlands, Israel, that comprises a series of
intact stratigraphic layers with refitted lithic assemblages, which
are separated by sterile sediments (31, 32). Here, we report the
results of an excavation at Boker Tachtit and in particular the
chronology based on radiocarbon and optically stimulated
luminescence (OSL) dates.
Boker Tachtit is located in the Wadi Zin basin in the central

Negev region, Israel (Fig. 1). The site was discovered and excavated
by A. Marks in the framework of the Central Negev Project (31).
The excavation revealed well-preserved archaeological horizons
(Levels 1 through 4 from the bottom up) composed of flint artifacts,
a few hammer stones, and charcoal pieces, including the presence
of a hearth feature in Level 1. Comprehensive lithic studies en-
abled technological reconstructions of the lithic industries at the
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site as well as spatial aspects of these occupations (32–34). The
refitting study demonstrated a technological continuity from the
lowermost Level 1 to the uppermost Level 4 and indicated on-site
flint knapping. This later point is additionally supported by a study
of the microflints from Marks’ excavation section D (35). Marks
conceived Boker Tachtit as an MP to UP transitional site bearing

two consecutive cultural phases: the Emirian (Levels 1 through 3),
which he associated with the MP, and the Initial UP (IUP) (Level
4), which was predominantly UP (28). Later studies by Kuhn that
included sites in the north Levant redefined the IUP and incor-
porated the Emirian into this phase (16). In this paper, we follow
Kuhn’s definition for the IUP.

Fig. 1. Location of Boker Tachtit and other sites mentioned in the text.
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The original chronology of Boker Tachtit was based on five
radiocarbon dates using the 14C decay counting method (31).
Four samples (GY-3642, SMU-184, SMU-580, and SMU-259)
were from Level 1 and one sample (SMU-579) from Level 4.
Two samples were of infinite ages (GY-3642, >33,000 BC; SMU-
184, >43,620 BC), and one (SMU-579, 33,105 ± 4,100 BC)
appeared to be an outlier. Another (SMU-580, 44,330 ± 9,050
BC) had an extremely wide uncertainty range of 9,000 y. The
only supposedly reliable date (SMU-259, 44,980 ± 2,420 BC) was
used to set the chronology of the site to ∼47 ka BP. The latter date
was perceived by Marks and many others to reflect the age of the
MP to UP transition in the Levant (1, 13). The few samples analyzed
and the large uncertainties are related to the methodology used and
probably also to the quality of the charred material analyzed.
More recent MP to UP chronological studies based on radio-

carbon dating of charred material and marine shells from new and
old excavations at other sites have initiated a debate about the
chronology of the transition, and the age of Boker Tachtit was
suggested to be too old compared with northern Levantine sites
(25, 27, 29, 30, 36). The problems lie in the disparities in the
documented timing of the transition. While these differences may
reflect a time lag in the transition between Boker Tachtit and the
northern Levantine sites, problems with the quality of dated ma-
terial or their context should not be overlooked (i.e., stratigraphic
provenience and/or diagenesis) (e.g., refs. 25, 29, 30).

New Excavation at Boker Tachtit
New excavations were carried out at the site during 2013 through
2015 (37). The major aim of the project was to more precisely
determine the chronological age of the site using advanced 14C
and luminescence methods. The excavation focused on sections
D and E of the old excavation (ref. 31, figures 2–7, 2–11, and 2–12).
The correlation between the present excavation’s stratigraphy and
that of Marks’ excavations, described in detail by Goldberg (38),
are discussed in SI Appendix, Figs. S1 and S2. Here, we briefly
summarize the stratigraphy of the present excavation.
The section has two major lithostratigraphic units; the upper

one is composed of bedded gravels (BGs), and the lower one is
composed of well-stratified silty sand deposits (SSds) (Fig. 2). A
sharp erosional unconformity separates the BGs from the SSds.
The archaeological sequence is embedded in the SSds.
Almost all of the lithic artifacts are located within the upper part

of the SSds, which is approximately 1 m thick. Some of the layers
contain courser gravels and pebbles. The archaeological horizons

are slightly dipping by about 10° to the southwest. Based on the
original stratigraphy presented in Marks (1983), we identified and
excavated two levels: Archaeological Horizon A (AH-A), corre-
sponding to Level 4, and Archaeological Horizon B (AH-B), cor-
responding to Level 2 (SI Appendix, Fig. S1). Levels 1 and 3 were
not identified in the current excavation. AH-B was identified in the
southern part of the excavation. This level is ∼30 cm thick along the
section and, in terms of artifact density distributions, can be divided
into a lower and upper portion. The lithic industry recovered from
AH-B was analyzed and compared to Marks’ Level 2 (SI Appendix,
Fig. S3). The dominant technology consists of bidirectional and
unidirectional blade production using crested blades for core
shaping and rejuvenation. Characteristic tools consist of retouched
pieces on flake and blade blanks, burins, and points, including an
Emireh point (SI Appendix, Fig. S3). Conjoined flint artifacts con-
nect the AH-B assemblage to Marks’ Level 2, thus confirming the
identification of Level 2 (SI Appendix, Fig. S3).
AH-A was recognized in most of the section of the current

excavation and was excavated in three continuous segments. The
northernmost segment corresponds to Marks’ section D (SI Ap-
pendix, Fig. S1). This horizon is composed of a thin exposure of
lithic artifacts (2- to 5-cm thick). A small and shallow pit with
burnt material was identified in the northern part of the site
during excavation and was shown to be intrusive by radiocarbon
dating (SI Appendix, Figs. S2, S4, and S6). The characteristics of
the lithic assemblage are basically the same as described by Marks
for Level 4 (SI Appendix, Fig. S3). The technology is focused on
the production of unidirectional blades from mostly narrow-faced
single-platform cores (i.e., pyramidal cores). Characteristic tools
include points and scrapers mostly on blade blanks, and notably,
no Emireh points are present (SI Appendix, Fig. S3).

Radiocarbon Dating Chronology
Only very small individual fragments of wood charcoal were found
in the new excavation. These fragments were almost always con-
fined to the archaeological horizons (AH-A; AH-B) and were
absent from the archaeological sterile layers in SSds.
The samples collected were at least a millimeter in their longest

dimension. The taxonomic affinities of all of the collected samples
were determined. They belong to four major species that are
typical of semiarid environments: Pistacia atlantica, Juniperus cf
phoenicea, Tamarix sp., and Hammada scoparia (SI Appendix, Fig.
S4 and Table S3). The samples selected for radiocarbon dating
were from contexts that could be associated with significant flint

Fig. 2. Boker Tachtit stratigraphic profile of the new excavation (a view to the east). The archaeological horizons, A and B, are embedded within the SSds.
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concentrations. We preferably analyzed individual charcoal frag-
ments, but in a few cases, we had to combine small fragments from
the same locus and the same species. Note that, in a few cases, we
deliberately dated charcoals from dubious contexts, such as the pit
from AH-A, in order to test for the presence of intrusive charcoal
(SI Appendix, Fig. S4).
The second level of prescreening was carried out in the laboratory.

We used Fourier transform infrared spectroscopy (FTIR) to an-
alyze very small parts of the fragments before the cleaning, and
we rejected samples that did not produce a well-defined charcoal
spectrum or were contaminated with a lot of clay (SI Appendix,
Fig. S4). FTIR spectra were also obtained after the pretreatment
procedure, and samples with appreciable amounts of clay were
rejected. In a few cases, we analyzed the radiocarbon concentrations
without a second FTIR analysis. We also determined the amount by
weight of carbon after the oxidation step and before the graphitiza-
tion step. Samples with less than 40% weight carbon (Carbon %)
were also rejected, as this means that the sample was either diluted by
minerals and/or contained relatively large amounts of noncharcoal-
like organic matter (not well burnt or humic acid contamination).
Note too that many of the samples partially dissolved during the
cleaning procedure and insufficient material remained for deter-
mining the radiocarbon concentration. The procedure applied to
prepare the samples for the accelerator mass spectrometry (AMS)
determination followed that of Alex et al. (30) and Rebollo et al.
(25). We also rejected three samples that still had clay after the
initial preparation procedure, and these were then treated with
hydrofluoric acid (HF). These samples, however, were not in-
cluded because we did not have associated background material to
prove that this new procedure does not introduce modern carbon.
The complete list of samples analyzed for radiocarbon, including
those analyzed for radiocarbon but rejected, is given in SI Ap-
pendix, Fig. S4 and Table S3.
All radiocarbon dates from Boker Tachtit were calibrated using

the new calibration curves IntCal20 based on terrestrial and marine
data (39, 40), using the program OxCal version 4.4.2 Bronk Ramsey
(2020) (41). Fig. 3A shows the plot of all the dates, including the
rejected dates. The accepted dates are divided according to the
level from which they were derived (AH-B or AH-A) and within
each level from the locus in which they were found. Samples from
the same locus are arranged according to the radiocarbon date
obtained. Fig. 3B shows that three samples produced finite cali-
brated dates that are around 49,000 y calibrated (cal) BP (RTD
7740, 8162, and 8155). Significantly one (RTD 7740) of these
dates is from a charcoal fragment in sediments coming from below
the AH-B lithics. The other two oldest charcoal samples (RTD
8162 and 8155) were found within 30 cm above the oldest sample
and are in association with the lithic artifacts in AH-B (loci 228
and 227, respectively). The calibrated dates for these three old
samples range from about 50,600 to 47,600 y cal BP (±1σ). The
dates from above AH-B (locus 225) range from 46,100 to 44,300 y
cal BP (see SI Appendix, Table S3 for context information).
The three samples dated from AH-A produced calibrated dates

from around 47,300 to 44,400 y cal BP (see SI Appendix, Table S3
for context information). There is clearly an overlap in dates be-
tween the AH-A and the upper portion of AH-B (see SI Appendix,
Table S3 for context information).

Luminescence Dating (OSL) Chronology
In this study, we report the luminescence age results obtained for
10 sediment samples. Three of these samples were from the BG
lithostratigraphic unit and seven from the underlying silty sand
unit including the archaeological horizons (AH-A and AH-B).
All samples were retrieved by hammering opaque plastic tubes
into the stratigraphic section.

The K, U, and Th concentrations were determined by high-
resolution gamma spectrometry performed on the ends of the
sampling tubes. Beta and gamma dose rates were then calculated
with the dose rate conversion factors of Guérin et al. (42);
moisture correction was performed following Zimmerman (43),
and grain size attenuation factors were taken from Guérin et al.
(44). The representativeness of those concentration values for
the determination of gamma dose rates was checked through a
comparison with field gamma measurements (for details on the
procedure to determine dose rates determination, see SI Appen-
dix, Fig. S5 and Table S4). Both quartz- and feldspar-rich extracts
were measured. In both cases, we have selected the dominant
grain-size fraction (i.e., 40 to 63 μm).
Several luminescence signals were measured to determine the

corresponding equivalent dose (De) using a single aliquot re-
generative (SAR) dose protocol: Blue OSL on quartz grains (45)
and IRSL50 (46) and post–IR-IRSL290 (47) on feldspar (see
details on the protocols in SI Appendix, Table S5). For Blue OSL
results, the age presented is derived from the arithmetic average
De calculated on 24 multigrain aliquots per sample following the
recommendation in ref. 48 to calculate multigrain OSL ages. Details
about the distributions of the De results are given in SI Appendix,
Fig. S5. The IRSL50 °C ages were corrected for fading after (46).
Several studies on post–IR-IRSL290 signals on feldspar have

shown that a residual dose that can be considered as “unbleach-
able” often leads to an overestimation of post–R-IRSL ages, es-
pecially for samples with rather low De values (e.g., ref. 49). As a
result, we determined the De of modern analog samples (11 ± 4
Gy; see details in SI Appendix) and calculated two sets of post–IR-
IRSL290 ages: one with the measured De values and one after
subtracting the measured residual dose (SI Appendix, Table S6).
Interestingly, on average, the residual-corrected post–IR-IRSL290
ages underestimate the quartz OSL ages (the average ratio of
post–IR-IRSL290 to OSL is 0.91 ± 0.04), while the uncorrected
post–IR-IRSL290 ages slightly overestimate the quartz OSL ages
(the average ratio is 1.15 ± 0.05), especially for the three samples
corresponding to the gravel level (ratio 1.34 ± 0.02, against 1.07 ±
0.05 for the SSds samples). The average IRSL50 to quartz OSL age
is 0.98 ± 0.03. This issue questions the accuracy of the post–IR-
IRSL residual dose measured on the modern analogous samples
that should suffer from an incomplete bleaching cycle and so
overestimate the unbleachable dose subtracted, especially for the
SSd samples (50).
Since the luminescence signals measured are characterized by

different bleaching rates (51), from the fastest for Blue OSL to
the slowest for post–IR-IRSL290, the good correspondence be-
tween the ages suggests that all signals were reset prior to sedi-
ment deposition and that the samples can be considered as well
bleached. In the following, we consider the quartz OSL ages as
the most reliable data set because no fading or residual dose
corrections are required.
From a chronological point of view, the results show a clear

gap of ∼30 ka between the SSds unit and the overlying BG unit,
with the latter yielding ages of between 20 and 15 ka and the
former yielding ages of between 58 and 42 ka (SI Appendix,
Table S6 and Fig. 4).
However, considering the luminescence dating uncertainties, it

is not possible to identify different chronological phases related
to the different archaeological horizons.

Discussion
The Absolute Chronology of Boker Tachtit. The new 14C dates and
OSL dates overlap between 50,000 and 44,000 y cal BP. Although
this time range covers only 6,000 y, it corresponds to three periods
in the Levant: Late MP (LMP), IUP, and Early UP (EUP) (30).
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Previous and current lithic studies have identified two lithic
traditions at Boker Tachtit: the Emirian corresponding to Marks’
Levels 1, 2, and 3 (Level 2 corresponds to AH-B current excavation)
and the Level 4 industry (AH-A current excavation) originally

defined by Marks as IUP, corresponding to Ksar Akil phase A (22,
28, 52). Thus, the challenge is to determine the ages of these two
lithic industries and their stratigraphy at high resolution. The OSL
uncertainty does not permit a separation between the layers.

Fig. 3. Radiocarbon dates from Boker Tachtit new excavation. (A) Calibrated radiocarbon dates of all the samples analyzed. The samples (RTD 7320 and
7319) below 20,000 y are not plotted to enlarge the time scale. (B) Samples that passed the criteria defined in the text. Note that some of the rejected samples
overlap with the nonrejected dates, but many are clearly beyond the range in B. The calibration range was determined using the new 2020 Terrestrial
calibration curve (39).
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In principle, radiocarbon should be able to differentiate between
these two levels because the uncertainty is ±300 to 600 y at this
period of time, provided the two levels are totally separated ver-
tically and horizontally. The radiocarbon dates did not, however,
differentiate between Levels 2 and 4. The problem is not due to
the uncertainties in the radiocarbon measurements or to stratig-
raphy (see SI Appendix, Figs. S4 and S14 A and B to demonstrate
this). The problem rather relates to some aspects of the site for-
mation processes, which must have resulted in a redistribution of
some of the charcoal fragments analyzed; therefore, Bayesian
modeling will not resolve this issue.
Visually, the SSds’ sequence is well stratified, and occupation

Level 1 (identified by Marks) and Levels 2 (AH-B) and 4 (AH-A)
(identified by Marks and in the current excavation) sequentially
overlay each other and are separated by archaeologically sterile
sediments, within a section that is less than 1 m thick (SI Appendix,
Fig. S1 and Fig. 3). There has been postdepositional modification
of the sediments that includes differential dissolution of the calcite
component with differential compaction of the sediments (SI
Appendix, Fig. S1). Intrusive features include channels and bur-
rows as well as a rounded pit, presumably a burrow, that clearly
intruded into AH-A (Level 4) and contained charcoal dated to
around 31,000 cal BP. Still, as noted before, almost no charcoal
fragments (and artifacts) were found between AH-B and AH-A
(Levels 2 and 4). We therefore do not envisage that vertical mixing
could explain radiocarbon age overlapping, except locally because
of burrowing.
Radiocarbon dating of charcoal fragments older than around

40,000 y is challenging. The charcoal often dissolves in the strong
acid and base solutions needed to stringently remove even the
smallest amount of carbonate and organic contamination. We report
all the samples dated (Fig. 3), including the ones that we regard as
suspect for the following reasons: Carbon % is less than 40%, the
contexts are not absolutely clear, there was insufficient material to
obtain an FTIR spectrum prior to analyzing the14C concentration,
and samples that required HF treatment to remove clays that may
have had their own extraneous organic material. We will now
discuss only the nonrejected samples shown in black in Fig. 3B.
The total range of the obtained radiocarbon dates is from

around 50,000 cal BP to around 44,400 cal BP. The three oldest
dates are at the base of the stratigraphy and most probably
represent the first occupation of Boker Tachtit. With an age of

around 50,000 y BP, the Emirian (AH-B) at Boker Tachtit is the
earliest evidence for the appearances of IUP in the Levant. We
also note that the very large charcoal sample (SMU 259, 44,980
BC ± 2,420 y) derived from a large hearth in Level 1 of Marks’
excavation (31) was dated by Marks et al. and corresponds to a
range of 52,500 to 47,100 cal BP (±1σ) using the IntCal 2020
calibration curve (39). This is consistent with the observations
reported here.
Unexpectedly, the three dates from AH-A overlap with the AH-

B dates in the later part of the range, around 47,000 to 44,000 cal
BP, even though the lithic techno-typology of AH-A artifacts are
clearly distinguishable from the techno-typology of upper AH-B
artifacts. We are unable to unequivocally explain this observation,
but we can infer that upper AH-B and AH-A must have been
sequentially deposited within a relatively short period of time that
ended around 44,000 BP. Bearing in mind the above complexities,
we suggest the following chronological reconstruction for the site
according to Marks’ stratigraphy.
The first occupation dated in this study at Boker Tachtit occurred

around 50,000 to 49,000 cal BP, and this corresponds to early AH-B
based on the new dates RTD 7740 and RTD 8162 (Fig. 3). These
oldest layers contain the Emirian lithic industry. We therefore
conclude that the Emirian industry is already present at around
50,000 to 49,000 cal BP. The lithic industry of AH-A, the second
phase of the IUP, is dated to around 47,000 cal BP.

The Transition between the MP and UP in the Levant. An examina-
tion of absolute chronologies of LMP, IUP, and EUP sites in the
region provides an interesting scenario for the MP to UP transition
(Fig. 5). Notably, the two phases of Boker Tachtit overlap with the
IUP of Wadi Aghar (Layer D2) located in Gebel Qalqha in Jordan,
∼100 km southeast of Boker Tachtit (53). The wide chronological
range at Wadi Aghar, which was recently dated (50 ± 3 ka, Layer
D2; 45 to 40 ± 3 ka, Layers D1 through C; 39 to 36 ± 3 ka, Layer
B), most probably reflects the precision of the OSL method (54). As
noted above, the Boker Tachtit OSL age (quartz fraction) ranges
between 58 ± 5 ka and 42 ± 4 ka. Overall, the new ages from Boker
Tachtit and Wadi Aghar show the IUP in the arid zone started as
early as 50 ka.
The radiocarbon ages of the two levels from Boker Tachtit

also overlap with the final LMP occupations in the neighboring
sites of Far’ah II (western Negev) and Tor Faraj Layer C

Fig. 4. Luminescence age results of Boker Tachtit. The post–IR-IRSL ages reported in this figure do not take into account the unbleachable residual dose. The
IRSL50 °C ages presented are given after fading correction (SI Appendix, Table S4).
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(Gebel Qalqha) as well as with the final stages of the LMP at
Kebara cave in the Mediterranean woodland region (Fig. 5). The
ages from Tor Faraj range from 69 to 44 ka (55). This is a very wide
range, and the youngest ages (28 ka and 44 ka) are probably out-
liers. The ages were made using three dating methods employed
20 y ago (TL, U-Series, and amino acid racemization), hence the
wide range. Far’ah II, on the other hand, was recently excavated
and dated by radiocarbon and OSL, providing an age of <49 ka
(56). Two more LMP occupations in the Mediterranean woodland
region, Kebara Cave and Ksar Akil, were also recently dated by
radiocarbon (25, 27, 29). The age range of Kebara Cave overlaps
with Boker Tachtit, while Ksar Akil LMP is later.
When compared with the EUP (Ahmarian) sites, the IUP shows

different trends for the arid and the Mediterranean woodland
zones. The later IUP phase at Boker Tachtit (AH-A) is earlier
than the EUP Ahmarian sites in the region (i.e., Boker A, Kadesh
Barnea, and Abu Noshra), which were dated by the radiocarbon
method in the 1980s (Fig. 4). This is consistent with the proposal
of Marks that there was a local development of the EUP from the
IUP in the Negev. Yet, the age range of the IUP phase at Boker
Tachtit overlaps with EUP Ahmarian sites from the Mediterra-
nean woodland region such as Manot and Kebara caves (Fig. 5).
We therefore propose that the Mediterranean EUP did not de-
velop from the arid zone IUP. In fact, the EUP Ahmarian may
have two geographical variants (and origins): a northern one

dating from 47 to 42 ka characterized by bidirectional blade
industry and a southern one starting from 43 ka and characterized
by unidirectional blade industry (57). This distinction between two
geographical facies of Ahmarian is noted also at a later stage (58).
We also note that the Boker Tachtit IUP starts much earlier than
this phase at Ksar Akil and Üçağızlı (30). These two northern
Levantine sites should be attributed on the basis of dates and
characteristics of lithic technology to a later phase within the IUP.
Two scenarios have been suggested for the origins of the Boker

Tachtit industries: local development and off-regional origin African/
Arabian. The local development scenario, proposed by Meignen
(26), suggests that IUP technical traits emerged from local LMP
groups. This hypothesis does not refute the idea that the tech-
nological change could also have been stimulated by populations
coming into the Levant during marine isotope stage (MIS) 3.
Currently, it is difficult to confirm this hypothesis since there are
very few LMP sites predating Boker Tachtit in the Negev that
could be compared. The local MP site of Nahal Aqev excavated
by Marks was proposed to date to 80 ka based on the age of a
close by travertine (59, 60). The site was recently excavated, and
OSL dating is underway (61). The Nahal Aqev industry charac-
terized by the centripetal Levallois method does not reflect a
possible source for technological continuity (Barzilai personal
observation). Rosh Ein Mor, with an LMP industry, including

Fig. 5. Dates associated to sites considered for this study. Radiocarbon-based dates are represented as ±1σ (68.2% probability range) calibrated range with
the symbol in the middle of the range. The calibration range was determined using the new 2020 Terrestrial calibration curve (39). Radiocarbon-based dates
frommarine shells have been calibrated with the 2020 Marine calibration curve (40). Triangles are charcoal, circles are shells, squares are OSL-based, diamonds
are TL, and crosses are U series and amino acid racemization (AAR). Industries are color coded: blue is Mousterian/LMP, red is IUP, and green is EUP/Ahmarian.
The total calibrated ranges are unmodeled and are represented by colored areas and include all the dates presented in the publication. The sites are sep-
arated by regions. The right-side plot does not include any radiocarbon dates. The radiocarbon calibrated range obtained for Boker Tachtit is represented as a
square in the TL/U series/AAR/OSL dates. Note the different y-axis scales between the two plots. Data used in this figure are reported in SI Appendix, Table S3.
For the Üçağizli and Ksar Akil sites, the references below refer to the list in the SI Appendix. For the data set of Radiocarbon Boker Tachtit, the samples from
Level 4 are in pink. The Boker Tachtit OSL are separated according to the method: black, post–IR-IRSL; white, quartz; and gray, ISRL fading.
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elements of blade production, reflects a wide chronological range
most probably representing a palimpsest (62–65).
The off-regional hypothesis may explain the contemporaneity

of two different lithic traditions in the Negev around 50,000 y ago
(i.e., the LMP industries of Tor Faraj and Far’ah II and the IUP
Emirian industry at Boker Tachtit). The recent lithic analyses
from Boker Tachtit and Far’ah II have shown similar techno-
typological traits between the assemblages, such as the presence
of single-platform cores, butt-striking platform preparations, and
“Levallois-like” points (64). This may suggest some level of contact
between the bearers of the two industries as a clear-cut change in
technology is not evident. This coexistence of Levallois technolo-
gies with IUP industries, also noted in other regions at the MP/UP
interphase (i.e., Bohunician in central Europe and Uluzzian in
southern Europe), is an indication for off-regional arrival of
hominins (3, 9). This might have been the case for the Negev as
well, as proposed previously but without radiocarbon evidence
(ref. 28; but see contra ref. 26). The coexistence of Emirian and
Late Mousterian could imply that the origins of the Emirian
industry are not in this region but may also portray local inno-
vation. We are not aware of sites in the Nile Valley region nor in
Arabia that contain the Emirian industry. We do, however, note
that these regions may bear potential forbearers for the Emirian
industry. In the Nile Valley, it is the Taramsan industry which
bears similar technological traits to the Emirian (66, 67). In
Arabia, we note the sites of Shi’bat Dihya 1 and 2, which date to
the LMP around 55 ka (68, 69). The lithic industries at Wadi
Surdud in Yemen, which is ∼2,000 km south of Boker Tachtit,
contain a “Levallois-like” industry with unidirectional blades for
elongated point production. In this respect, the Wadi Surdud blade
technology has some resemblance to the IUP of Boker Tachtit.
All in all, the off-regional hypothesis still needs to be tested by

future comparative studies integrating technology and chronol-
ogy (in high resolution) between the Negev and the Arabia/Nile
Valley sites. In addition, the origins of the early IUP populations
still need to be discovered.

Conclusions
The earliest dated occupation of the site of Boker Tachtit starts
at around 50,000 BP. The lithic industry associated with these early
layers is Emirian, and therefore this is the earliest known manifes-
tation of the IUP material culture in western Asia. This overlaps
with MP industries from other sites in the region. This shows that
local LMP populations coexisted (and probably interacted) with
IUP populations in the Negev 50,000 y ago. Notably, the later
phase of the IUP overlaps with the EUP Ahmarian assemblages in
the northern Mediterranean woodlands. Therefore, these indus-
tries could not have been derived from the Negev assemblages.

Materials and Methods
The renewed excavations at Boker Tachtit were conducted in an area of
∼15 m2 along the edges of the previous excavations (SI Appendix, Figs. S4,
S5, and S7). A new grid was established and aligned with the former grid set
up by Marks (1). The field method included piece plotting of artifacts larger
than 2 cm. All sediments were dry sieved using 2-mm mesh. Charcoal samples
for dating were handpicked and piece plotted. The mineral compositions of

sediment samples were determined using KBr pellets and FTIR spectrometry.
Blocks of sediment were embedded and sectioned, and their micromorphol-
ogy was examined using plain and polarized light in a petrographic micro-
scope (SI Appendix, Fig. S1 and S2).

Radiocarbon Chronology. The chronology of Boker Tachtit is based on dates of
charcoals prepared by the ABA (Acid-Base-Acid) pretreatment. Before and
after pretreatment, samples were analyzed by FTIR spectrometry using KBr
pellets to determine the purity of the material. Generally, 30 to 100 mg
initial weight of each charcoal sample was cleaned of sediment under a
microscope and homogenized by crushing in an agate mortar and pestle.
Samples were then treated with the ABA procedure: 1) acid treatment in
1 M HCl for 30 min, followed by rinsing with Nanopure water until the pH
reached 6; 2) base treatment of 0.1 M NaOH for 15 min, followed by rinsing
until the pH reached 6; and 3) acid treatment in 1 M HCl for 1 h in a water
bath of 80 °C, followed by rinsing until the pH reached 6. The NaOH step was
sometimes applied more than once if the color of the solution was still dark,
indicating the presence of large amounts of humic substances. Samples were
dried overnight at ∼60 °C, combusted to CO2 with ∼200 mg of CuO at 900 °C
in a vacuum, and then reduced to graphite in the presence of hydrogen at
680 °C. All samples were measured by AMS at the Dangoor Research Ac-
celerator Mass Spectrometry (D-REAMS) Laboratory (SI Appendix, Fig. S4).

Luminescence Dating (OSL). Sediment samples were collected from the newly
exposed section (SI Appendix, Fig. S15). Three of these samples were from
the BG lithostratigraphic unit, and seven were from the underlying SSds. The
sediment samples were collected by inserting steel tubes (diameter: 5 cm,
length: 20 cm) into the cleaned sections. Both quartz and feldspar were
measured on the same granulometric fraction: 40 to 63 μm. The grains were
chemically treated with HCl and H2O2 in order to remove, respectively, the
carbonates and organic materials. Then, the residual fraction was split into
two parts. One part was treated with H2SiF6 to dissolve the silicates other
than quartz. The other part was used for the feldspar measurements. We
measured the sample luminescence on two Risø TL-DA-20 readers fitted with
calibrated beta sources. We stimulated the quartz minerals using blue LEDs
(470 nm) and detected the resulting signals with an EMI 9235QB photo-
multiplier through a 7.5-mm-thick Hoya U-340 filter. For the feldspar, we
used a combination of 870 nm IR diodes and a combination of Schott BG-39
and Schott BG-3 detection filter. The K, U, and Th concentrations were
measured using high-resolution gamma spectrometry on the homogenized
external part of the tubes for each sample. The external dose rates were
calculated from the moisture content (SI Appendix, Fig. S5).

Data Availability. All study data are included in the article and/or supporting
information.
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